THEestuarine mud dealt with in this paper lies on what is known as Dingle Beach, an area (the property of the Mersey Docks and Harbour Board) on the north bank of the Mersey Estuary between Liverpool and Garston. It lies in a region of much sewage pollution, as the river Mersey is used as an outlet for untreated sewage from the very densely populated districts on both of its banks; one large and one small sewer discharge on Dingle Beach itself. The river water in this area is of a fairly low salinity (samples taken at Low Water average 13%0 and at High Water 20%0)' has a pH of about 7.9 and contains a certain amount of chemical pollution from the tanneries, chemical works and other industrial factories on its banks. In addition, the water contains large quantities of silt in suspension which prevents, to a large extent, the penetration of light and would tend to stop up the pores of certain types of animals (Sponges, Ascidians, etc.) and to eliminate Algffi.
Dingle Beach (Fig. 1 ) is ! mile in length and about 300 yards of shore are exposed at low water. Low-water mark of ordinary tides is about III. An area of thin and unstable mud extending over the lower half of the shore, never extending above half-tide level. IV. An area of muddy sand of a very similar tidal level to that of the thick mud area but at the eastern end. V. A sandy area, the whole length of the beach above 23 feet.
These areas and their approximate boundaries and tidal levels are shown in Figure 1 .
An attempt has been made to treat these areas from three standpoints:
1. An ecological survey of the fauna present.
2. An analysis of the constituents of the mud, sand, gravel and stones in the soil, to find the exact structure of the medium in which the fauna lives. 3. A quantitative analysis of the Molluscan fauna from a series of stations. This area consists of shingle lying on a clay bed which is about 7-12 cm. below the surface. The larger stones are toward the surface, smaller ones below, grading into sand before reaching the clay, while the spaces between the larger stones near the surface are filled by a wet mud (Fig. 2) . On the border of this area, most particularly to the west side ( Fig. 1) , are a few large scattered stones, surrounding each of which is usually to be found a small pool the size depending on the size of the stone concerned.
The stony area contains the most varied fauna of any part of the beach.
The following species are to be found :-Clitellio arenarius O.F.M. In great abundance at the surface of the mud filling the spaces between the stones.
Nereis diversicolor O.F.M. In the gravel and coarse sand below the stones, fairly abundant (about 20 per sq. metre).
Mya arenaria L. Extremely abundant but small. It is very significant that (a) although Mya is so very prolific in this area it is almost absent on other parts of the beach, and that (b) in places where the underlying clay bed lies deepest the Mya are largest. Specimens rarely reach 3.5 em. in length, those apparently showing two summers' growth average 1.7 em. in February. In one small area where there is a sudden drop in the clay bed «30 em.) Mya reach 5,0 em. (averaging 3.2 em.). No large shells have been found cast up. The spat falls in late May (2-3 mm.).
Macoma balthi£a (L). Extremely abundant in the mud at the surface, but average only 1-1.5 em. in length. Both white and pink varieties are present in almost equal numbers and there does not seem to be any correlation between colour and either size or sex. The spat falls in late May and early June, a time simil~r to that given by Stephen (5) for Macoma in the Firth of Forth. This year, however (1932), small but definite quantities of spat (3 mm.) were found in February.
Oardium edule L. Very small and infrequent, rarely reaching 1 em. in length even when showing 3 rings. : Mytilus edulis L. Occasional specimens showing up to 3 rings and measuring only 1.5 em. in length may be found attached to small stones; they are, as a rule, partly buried in the mud.
Hydrobia ulva3(Pennant). Scattered over the surface but in rio great quantity.
Littorina littorea (L). Abundant. They are to be found crawling over the surface of the area and settling on the larger drier stones. As many as 40 may be collected from a stone of barely a cubic foot. Specimens appear to be smaller towards the N.W. end of the area.
Littorina littoralis (L). In a similar habitat to L. littorea but occurs only infrequently. Dead shells are common.
Oarcinus ma3nas (Pennant) . Specimens up to 2 em. across the carapace are to be found occasionally amongst the stones. . Gammarus locusta (L). In a similar habitat to Carcinus.
Oorophium volutator (Pallas). Infrequent, buried in the mud. Balanus balanoides (L). Present on some of the larger stones. Dead shells of Scrobicularia plana (Da Costa) exist. They are mostly broken and all have apparently been dead a long time.
A diagrammatic section through the stony area showing the distribution of fauna and constituents will be found in Figure 2 , page 83. The layer of stiff mud covering this area varies from about 30-60 em. in depth and is jet-black just below the surface. The mud, although becoming distinctly wetter at the lower extremities of the area, is nevertheless quite stable as it is covered with a thick layer of diatoms, giving the mud a chocolate colour especially in spring and summer. Bright green patches occur in places marking the position of enormous numbers 
I. The Stony Area.
Mention has already been made (p. 71) of the structure of the stony Mea and the general arrangement of the constituents. (See also Fig. 2 .) The exact analysis of the constituents was made in the following manner. The frame used in the quantitative analysis of the Mollusca (p. 79) was used to mark out a definite area (1/16 sq. metre) and the whole of the material in that area down to the clay bed placed in a canvas bag, the collector using his own judgment as to whether an individual stone on the border line would be taken, or disregarded.
This material, on reaching the laboratory, was washed through a series of sieves with round holes of the following diameters-5 mm., 4.5 mm., 4 mm., 3.5 mm., 3 mm., 2.5 mm., 2 mm., 1.5 mm., 1 mm. and 0,75 mm. JVLost of the material passing the last sieve was retained in a large vessel, but the silt was lost. The various grades were all dried separately and that retained on the first sieve graded by means of sieve plates with holes of 50, 25 and 10 mm. diameter; that passing the last sieve was sifted through gauges with square holes of 500, 350 and 150fL. These terms, with the exception of the first, wiII be used here; a lO-mm. sieve however is used as the defining mechanism for stones. Although Allen expresses the results as percentages of the total weight it was thought to be of more value to express results as volumes, this not being dependent upon the specific gravities of the various materials and as it is volume that is the biological factor concerned.
The volumes were obtained by the Archimedes principle, dry material being put into the water and all the air bubbles shaken out. Samples from two stations of the stony area are given (Table I) , and as the amount Qf material used in each case is the same, -the figures are comparable without being reduced to percentages.
To complete the total volume of about 4500 C.c. (252X7=4375) there is required (1) water, (2) silt, and (3) living material. In this last case it wiII readily be seen that 295 molluscs found in this space will occupy an appreciable volume. (295=1/16 X4720: Stn. 7, Table VIII.) A comparison of the two samples in Table I shows that although they compare very favourably, Station 6 (nearer high-water mark- Fig. 1) is Qf a slightly finer texture than Station 7 even although Station 6 contains stones above 5 em. diameter. There is a certain amount of selection in taking a sample as the collector naturally te~ds to avoid including any large stone.
Mud from between the stones was analysed by means of a Nobel's Elutriator.
The apparatus had four separators of internal diameters at the widest parts of 6 em., 9,5 em., 13.5 em. and 17.5 em. approximately, and was run with a constant head of water of 106 em. Two identical (as far as possible) portions of mud obtained by weighing -to 0.01 gm. were treated, one being dried in a low-temperature oven and -the other elutriated.
The apparatus was started slowly and gradually increased to full speed. Almost all the silt came over together and was -collected in jars and filtered. The sediments were dried and weighed.
Mud from amongst the stones gave the analysis given in Table II The large error in the second sample is due to three small stones present in the first tube giving the mud a greater dry weight. It will be seen that the lower layer contains more water and much more silt than the upper, a result to be expected from the appearance of the sample in the tube. The samples are taken from Station 11.
III. The .Area of Thin Mud.
The results of an analysis of a sample from Station 4 at the border of the thin and thick muds is given in Table IV , and one from the really thin mud (Station 5) is given in Table V . This sand, from a glance at the sample in the tube, appears to be coarser and much freer from silt than the other areas. The method of estimating the numbers of molluscs by marking out a. definite area and sieving the contents was adopted here. To mark the area, a square wooden frame was used with internal measurements of 25 em. and 7.5 em. depth. The sieve was a wire framework with square holes 2.5 mm. across. In the case of the stony area where it was impossibl1 
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to insert the frame, as in the mud or sand, it was held as firmly as possible until the stones on the border-line had been picked out by hand. Sieving was a laborious task as it was impracticable to reach the river and the pools on the shore were never more than a couple of inches in depth. The molluscs were then picked out of the sieve and counted, only living ones being taken; dead and broken shells were ignored.
The stations from which the counts were made are shown in Figure 1 . They have been so arranged that correlation can be made between stations in the same area but of different tidal levels, and between stations of the same tidal level but in different areas. Each count is multiplied by 16 to give the number. which would be taken from a square metre of similar ground. The results are given in Table VIII and are arranged so that these correlations can be easily made out. The table is discussed in the following section.
In addition to those molluscsmentionedin Table VIII The correlation of the fauna with both the type of ground and tidal level is expressed in Tables VIII and IX. Table VIII shows the relationship of the various stations and the actual fauna at each, with both tidal level and type of ground, while Table IX shows the comparison of average numbers of molluscs in each area with the results of the analysis of the ground constituents.
Although the absence of macrofauna at Station I is almost certainly due to tidal level, that at Station 5 must be due to the thin mud, a medium of waterlogged silt which would choke the breathing apparatus of most animals.
Mya arenaria seems to be associated with stones and is found in numbers only in the stony area and stations near the border (Stns. 9, II, 13, 19, 20). The mean figure given for the stony area (Table IX) given as a maximum for the same species in a typical area by Stephen (5) or with 20 given by Petersen (4) as typical of a Macoma community. Cardium edule, generally considered as a co-partner with Macoma balthica on a muddy shore (Stephen, 6; Petersen, 4) , is here very poorly represented. Stephen (6) notes that Cardium is usually found nearer low water than is Macoma, a statement that is to an extent borne out by examples from Dingle in that Cardium is most common at Stations 9, 12, 13 and 21. Specimens, however, are small (p. 72) and are obviously in an unsuitable habitat. They are in fairly equal numbers in the muddy sand and thick mud.
Mytilus edulis is much dwarfed and only found in the stony area (Table IX) . The mud is probably the cause of its small size.
Littorina littorea is abundant in those areas where it may browse on diatoms in the absence of larger algffi, and at the same time benefit by the holdfast provided by the stones. N ereis diversicolor and Clitellio arenarius are in their natural habitat. Corophium thrives well in the muddy sand, only occasional though not noticeably stunted ones occur in other areas. The other species with one exception do not require special mention. Scrobicularia plana must at one time have been common on Dingle Beach but has apparently almost completely died out; shells, although abundant, seem to be all old and worn and only one living specimen has been found (p. 81).
Increase in the population of the neighbourhood during late years has given rise to a big increase in sewage and hence to corresponding increase in silt deposition (2) . It is reasonable to suppose that the bulk of the silt has been laid down quite recently (the opinion of those residing in the area tends to support the hypothesis) and in such a way the dying out of Scrobicularia might possibly be explained, though too much stress should not be laid on this point as there is the possibility that Scrobicularia is still present, deep enough in the mud to have, as yet, escaped detection.
The importance of sewage in the river must be emphasised, as sewage products not only provide abundant inorganic salts permitting a luxurious growth of diatoms which, with bacteria, form directly or indirectly the food of almost every living thing on the beach, but that it is also the probable cause of the deposition of silt which has made the foreshore the type that it is (2).
Dingle Beach, from the above characters, can be described as a Macoma community but differing from the typical community, "d," as described by Petersen (4) in the excessive numbers of molluscs present, and in the absence of forms such as Arenicola. Petersen's community, however, was below low-water mark, although that alone would not account for the difference. Although both Stephen (5) and Petersen (4) describe their grounds as " muddy" it seems probable that in consistency theirs will more closely resemble the muddy sand of Dingle than the other areas. No analysis is given by either.
